Fibrosing granulomas were found in the liver and occasionally on the intestinal and diaphragmatic serosae and in the lung of 11 horses submitted for necropsy. Although these granulomas were considered incidental findings in most of the horses, they had caused liver failure in 1 horse. The granulomas typically were characterized by a dense collagenous core that frequently was mineralized. The periphery contained a rim of inflammatory cells. Only in 1 of the 11 horses was there evidence of an egg shell suggestive of schistosomes. Schistosomal eggs were not detected in the feces of the horses. The typical architecture of the granulomas combined with the occasional finding of a residual egg led to the circumstantial conclusion that the fibrosing granulomas were the result of chronic schistosomiasis of undeterminable origin.
Tags on the surface and discrete white nodules within the hepatic parenchyma of the liver are frequent incidental findings in North American horses submitted for necropsy. These equine lesions are postulated to represent residual changes caused by parasitic migration, mainly of nematode larvae. The range of parasitic species capable of causing such changes in the equine liver has been defined and includes Strongylus vulgaris, Strongylus edentatus, Strongylus equinus, Parascaris equorum, and Habronema spp. 8, 9, 15 The tags and nodules are thought to represent the healing phase of traumas caused by naturally or aberrantly migrating parasitic larvae. The tags on the liver surface can be quite extensive and are mainly on the diaphragmatic surface, causing tight fibrous adhesions between the diaphragm and the liver. Occasionally, the magnitude of the lesions is so extensive that it causes clinical problems such as liver failure or circulatory disturbances. In rare situations, however, an affected horse may succumb to liver failure or poor body condition.
A fatal case of severe parasitic granulomatous hepatitis in a horse prompted a retrospective study of equine fibrous granulomas.
Materials and methods
Hepatic and serosal fibrous granulomas were recorded in 11 individual equine necropsy cases collected from the files of the Veterinary Medical Teaching Hospital, University of Florida, 1981-1993. The cases are from an accession of 3,300 equine cases (0.3% of the total). All horses were from central and northern Florida. All except 1 of the cases collected concern horses that died (or euthanized) of causes other than liver disease. A standard complete necropsy was performed on all horses. Tissues were fixed in 10% neutral buffered formalin and processed routinely for histology. Tissues were cut at 5 µm and stained with hematoxylin and eosin (HE), acid-fast Ziehl-Neelsen, von Kossa, periodic acid-Schiff (PAS), Masson's trichrome, Trumbull's for hematoidin, and Prussian blue for iron. Flotation and sedimentation analyses were done on some fecal samples to check for endoparasites. Microbiological tissue cultures were performed on 1 horse.
Results
Pertinent clinical and pathologic data for the 11 horses are summarized in Table 1 . Of the 11 horses studied, only 1 had clinical signs of liver disease. By necropsy examination, all 11 horses had several to numerous discrete white nodules 2-15 mm in diameter. The nodules were present on the hepatic capsule and throughout the liver parenchyma ( Fig. 1 ) and were firm and gritty on palpation. Fewer larger but similarly fibroid foci were noticed on the serosal surfaces of the small intestine ( Fig. 2 ), on the peritoneal or pleural surfaces of the diaphragm, and occasionally within the lungs ( Table 1 ). Several horses had common endoparasites detected by fecal examination or at necropsy ( Table 2) .
Microscopically, the nodules within the liver uniformly and consistently were composed of large amounts of dense fibrous tissue surrounding a necrotic, lamellated, often mineralized center (Fig. 3 ). The periphery contained a small rim of inflammatory cells, such as lymphocytes, eosinophils, macrophages, and occasional multinucleate giant cells. Most of the nodules were located in the periphery of the hepatic lobules close to the portal triad and had replaced resident hepatocytes. Portal areas had increased amounts of collagen, moderate numbers of fibroblasts, and macrophages intermingled with a few eosinophils. Portal veins Table 1 . Anamnesis of horses from Florida with fibrosing granulomas. of affected areas were markedly distended or obliterated; several of the nodules had formed in the vicinity, and it appeared that some of them had developed within portal veins. Some biliary ductules were destroyed by the inflammatory infiltrate; others showed mild hyperplasia of epithelial lining cells. Many of the nodules were located close together and tended to become confluent. Unaffected hepatic lobules had evidence of mild nodular regeneration close to the area of fibrosis. Aggregates of hemosiderin-laden macrophages were present around some of these nodules. Special stains confirmed the fibrous tissue to be mainly composed of collagen impregnated with calcium phosphate salts. Acid-fast stains were negative for organisms. Macrophages and Kupffer cells were weakly positive for hematoidin. There was a moderate amount of iron in Kupffer cells, in some macrophages, and within many of the granulomas.
The nodules of all 11 horses were searched extensively for eggs or larvae of parasites. In only 1 horse (horse 1) was it possible to find loosely stained broken egg shells 60 x 30 µm and 40 x 38 µm or a ghost-like larva (Figs. 4, 5) . The hepatic capsule, when seeded by the fibrous granulomas, was thickened by collagen. Reactive, hyperplastic mesothelial lining cells projected towards the peritoneal cavity. Subcapsular veins and lymphatics were markedly distended. Subcapsular inflammation was minimal with a few scattered lymphocytes and occasional hemosiderin-laden macrophages intermingled.
In the lung, the composition of the granulomas was identical to that described in the liver. They generally were fewer in number and were located within the alveolar parenchyma but close to the pulmonary arteries. Adjacent uninvolved alveolar tissue was compressed, as were subjacent bronchioles. As with most granulomas in the liver, the inciting agent was absent from the pulmonary nodules.
In the intestine, the nodules were located in the tunica serosa and tunica muscularis and occasionally in the submucosa. Serosal surfaces were characterized by the formation of early granulation tissue rich in capillaries and patches of dense collagenous tissue. The appearance of the granulomas was not different from those in the liver and lung. The same applied for the diaphragm.
No eggs were detected by fecal examination for 5 of the 11 horses. In the most recent case, other horses from the same marshy pasture were examined for patent infections. No eggs were found persuant to fecal sedimentations in those horses examined.
Discussion
Granulomatous inflammation plays a major role in the pathogenesis of diseases caused by mycobacteria, fungi, or endoparasites. Granulomas (pseudotubercules) induced by schistosome eggs have been proposed as a popular model to study the pathogenesis of such defined granulomas. 1, 10, 11 The formation of a fibrosing granuloma in the host tissue is typical in schistosome infection and is evoked by the eggs that are escaping from the blood vessels containing the adults. It is hypothesized that soluble antigens from the eggs stimulate collagen synthesis, resulting in the formation of an avascular granuloma that outgrows the size of the egg after the egg has been destroyed by inflammatory cells. 6, 16 The development of a large number of fibrosing granulomas may ultimately interfere with liver function and the portal-systemic circulation, causing liver failure and obstruction of the hepatic circulation. An example of this chronic scenario is seen in horse No. 1.
The pathogenesis of granuloma formation in schistosomiasis has been intensively studied in the mouse mode1 3, 6, 10 and is considered to be the result of a delayed hypersensitivity reaction. 3 The antigenic material is released from dead or viable eggs but not from egg shells or hatched miracidia. The soluble factors escape through submicroscopic pores in the shell, and the fibrosing granuloma is the terminal event.
A large variety of mammalian and avian species are susceptible to infection with many different species of schistosomes. Schistosomes belong to the phylum Platyhelminthes and are trematodes. They are digenetic and alternate between parasitizing definitive hosts, in which sexual reproduction takes place, and intermediate hosts (snails), in which asexual multiplication occurs 7 Eggs shed into feces or urine are passed into water, where the miracidia emerge. The miracidia invade bulinid snails and develop into cercariae, which exit the snails and penetrate the skin of definitive hosts when these are in shallow stagnating fresh water. 7 Within the skin, cercariae change to schistosomula, which migrate to the liver via the lungs. From the liver, maturing male and female trematodes migrate to the mesenteric veins, where they mate. The eggs deposited in small branches of the mesenteric veins pass to the intestinal tract or into the liver. 7, 12 Entrapped eggs elicit a typical granulomatous re- sponse that starts with the focal accumulation of lymphocytes, macrophages, and eosinophils around the eggs. These inflammatory cells are replaced by epithelioid macrophages, inflammatory giant cells, and fibroblasts in chronic situations. The eggs die, are destroyed, and are replaced by a deposition of collagen and lamellar fibrous tissue. 6 The final granuloma typically has a central, hyaline, acidophilic core and is surrounded by a rim of giant cells and lymphocytes. While the chronic reaction progresses, the dead eggs disappear through degeneration and calcification. Only a few broken eggs remain as oval empty structures with a brown shell. Brown to black schistosome pigment, identified as a hemoglobin derivative, may be detected in Kupffer cells of the liver or in the interstitium of the lung. In cases where eggs are identifiable, they are oval and have a yellow or unstained wall with hematoxylin and eosin (HE) stain. Some have knobs or spines along the lateral surface or on the terminal pole. The location of the egg spine can be used for species identification. 5 Certain parasites, such as S. mansoni, S. nasalis, and S. intercalatum stain positive, whereas the eggs of S. spindale, S. hematobium, S. japonicum, and S. bovis are negative on acid-fast stain. 12 With the exception of 1 horse where they contributed to death, the granulomas described were considered incidental pathologic findings at necropsy. All horses had in common the characteristic microscopic features of fibrosing granulomas in the liver and other organs combined with the history that they were pastured in a marshy environment. Because no adult parasites were detected in mesenteric vessels and fecal schistosome ova were not identified, our diagnosis of schistosomiasis infection is only circumstantial. The microscopic lesions were considered fibrosing granulomas because of their composition of mainly lamellar dense collagen with very little peripheral inflammatory cell demarcation. This typical morphologic formation has been uniformly associated with schistosome infections in the literature. 1, 2, 4, 5, 7, [11] [12] [13] The structures in the granulomas are considered schistosome ova because of their size, shape, and tinctorial behavior. The typical formation of fibrosing granulomas and the occasional detection of disrupted, empty egg shells make the etiologic diagnosis of chronic schistosomiasis most likely.
The broken egg shells detected in these horses were smaller than those of intact Heterobilharzia americana eggs (87 x 70 µm) . 13 The absence of eggs in feces in these horses is not surprising because the infections were chronic, as indicated by few eggs remaining in the granulomas. This chronicity undoubtedly will make it difficult to establish evidence of infection at the clinical level. It remains uncertain whether these horses might have been infected with H. americana or another species of schistosome. A search for snails on the pastures and more acutely infected horses to examine are needed for the detection of adult parasites in mesenteric veins or of cercariae as they penetrated the skin. Equine schistosomiasis mainly occurs in the Far East, India, or Africa. Schistosome species involved in equine infection include S. japonicum, S. bovis, S. indicum, and S. mattheei 3 Schistosomiasis in North America is not of major importance but may occur in wild birds and carnivores. Heterobilharzia americana is considered the primary schistosome species in North Amer-ican dogs, bobcats, white-tailed deer, and raccoons. [2] [3] [4] [12] [13] [14] The distribution of this parasite appears limited to the Gulf Coast and southeastern United States.
